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ABSTRACT

Introduction: After nearly two years, there is still no proven treatment for infection with severe
Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)—the virus that causes Covid-19. Cur-
rently, the two most widely known drugs for treating Covid-19 are remdesivir and favipiravir. There-
fore, this study aimed to evaluate the effects of remdesivir and favipiravir on Covid-19 clinical out-
comes. Methods: A systematic review of the literature on the PubMed and Scopus databases was
undertaken to identify studies that have examined the effects of remdesivir and favipiravir on Covid-
19 outcomes. To weighted group mean differences for within- and between-group comparisons,
odds ratio effect sizes, and random-effects models were used. Subgroup analyses were also con-
ducted to determine the effects of potential sources of heterogeneity, which was assessed using
the l-squared (1) test. Results: Twenty-eight studies with a total of 10,871 adult participants were
included in the analysis. According to pooled analysis results, there was no statistically significant
difference between the remdesivir/favipiravir and control groups in terms of mortality, intensive
care unit admissions, or adverse effects (p > 0.05). Mean hospitalization duration was significantly
different for those receiving remdesivir (0.1-day increase) and favipiravir (0.06-day decrease), but
these findings included significant levels of publication bias. Treatment duration was found to be
a significant source of heterogeneity in the mortality results. Conclusion: Remdesivir and favipi-
ravir have no effect on mortality, intensive care unit admissions, or duration of hospitalization for

Covid-19 patients.
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INTRODUCTION

Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) was first reported in late December
2019 in Wuhan, China, and has since spread glob-
allyl. By October 2021, more than 237 million peo-
ple had been infected by the virus that causes Covid-
19 and approximately 4.5 million people had died

from their infections?

. The Covid-19 pandemic is
an ongoing global health crisis that requires imme-
diate attention to quickly find an appropriate treat-
ment to reduce global mortality and morbidity asso-
ciated with the disease. Currently, drugs including
arbidol?, ribavirin4, chloroquine or hydroxychloro-
quine, lopinavir/ritonavir, remdesivir, and favipiravir
are among those used to treat the infection experi-
mentally. There is no known cure for SARS-CoV-2
infection®, although there are some effective treat-

ments. 6

Specifically, convalescent plasma®, inter-
leukin (IL)-1 or IL-6 inhibitors?, and interferons?
have been used as supportive therapy. Medica-
tions given to COVID-19 patients include antimalar-

ial drugs such as chloroquine and hydroxychloro-

quine, which are also used to treat autoimmune dis-
eases 8, while lopinavir/ritonavir is an FDA-approved
HIV treatment drug®. Gilead Science collaborated
with the US Centers for Disease Control and Preven-
tion (CDC) and the US Army Medical Research In-
stitute of Infectious Diseases to develop remdesivir,
an intravenous adenosine nucleotide analog prodrug

10,11 g

with activity against several RNA viruses
ilarly, favipiravir is an antiviral that works against
viruses containing RNA. Toyama Chemical Company
was the first to approve this drug, which was used to
treat influenza in Japan and China 312715,

The Solidarity World Health Organization Interna-
tional Trial was a collaborative effort to find poten-
tial treatments for Covid-19 that involved 52 coun-
tries. Drugs that were investigated included remde-
sivir, hydroxychloroquine, lopinavir, and interferon,
of which remdesivir, hydroxychloroquine, lopinavir,
and interferon were found to be ineffective or have
little effect for the treatment of Covid-19 hospitalized
patients 6. In contrast, according to the findings of
another review study, there was a higher rate of im-

provement in patients who received remdesivir than
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in those who received a placebo; however, there was
no difference in the 14-day mortality rate!”. Another
review found that remdesivir significantly reduced re-
covery time and the occurrence of side effects, but was
ineffective in treating the disease if used alone. Hence,
there was improved performance when remdesivir
was combined with other antiviral drugs'8. Favipi-
ravir was found to be effective in treating patients with
mild to moderate disease only !°.

Covid-19 is treated with antiviral drugs and support-
ive therapies, and numerous studies and clinical tri-
als have been carried out to confirm the effectiveness
of the drugs in combating infection. Therefore, this
study aims to support the development and imple-
mentation of effective treatments for Covid-19 and
analyze the results of published studies investigating
the use of either remdesivir or favipiravir in COVID-
19 patients to clarify their efficacy in relation to dif-
ferent patient outcomes.

METHODS

Research Design

This meta-analysis followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines2%2!, A quality check was con-
ducted using the Critical Appraisal Skills Program
checklist for randomized control trials (RCTs) and co-

hort studies 2223,

Search Strategy

Three authors independently searched the MEDLINE
(PubMed) and Scopus databases for published arti-
cles. The search strategy was guided by the keywords
“COVID-19,” "remdesivir;” and “favipiravir’ A com-
plete list of the keywords used for the search is pre-
sented in the appendix. Case-control, cohort, and
RTCs were included in the searches. All of the arti-
cles were examined and there was no limitation ac-
cording to study time or location. The population, in-
tervention type, and study comparison criteria were
adjusted to determine study inclusion and exclusion
criteria.

Inclusion and Exclusion Criteria

The inclusion criteria were:

1) Studies using case-control, cohort, or RCT designs;
2) COVID-19 patients with positive laboratory tests;
3) Remdesivir and/or favipiravir having been admin-
istered to the treatment/intervention group;

4) Any medicines other than Remdesivir and Favipi-
ravir in the control group; and
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5) Disease and treatment-related outcomes were mea-
sured.

Case reports, reviews, animal research, in silico and
in vitro studies, as well as articles with full texts that
were unavailable (after contacting the authors), were
excluded from the study.

Data Extraction and Quality Control

Two authors independently extracted data from the
selected articles using a checklist. First, the titles and
abstracts of identified articles were examined, and ar-
ticles that were unrelated to the meta-analysis were
excluded. The full texts of the remaining articles were
then reviewed and included in the analysis based on
the inclusion criteria. Data on the first author, year
of publication, location, type of study, blinding, ran-
domization, disease severity, sample size, type and
dose of the treatment drug, population type, other
treatments used, duration of treatment, age, gender,
length of the follow-up period, length of the hospital-
ization period, recovery ratio, recovery time, mortal-
ity rate, days to first improvement, mechanical ven-
tilation, intensive care unit (ICU) admission, ICU
length of stay, acute respiratory distress syndrome,
intubation, and any adverse effects in treatment and
control groups were collected.

Statistical Analysis

We used a proposed estimation model 4 to justify the
scale and outcome indicators (median, interquartile
range (IQR), mean and standard deviation (SD)). We
anticipated significant heterogeneity among the stud-
ies and, therefore, used a random effects model. To
examine the heterogeneity of the effect-size estimates
among the studies, the Q-statistic, its p-value, a for-
est plot, and 12 were used. The Q-statistic was used to
compare the observed and expected effect size disper-
sions across the studies, and the p-values for statisti-
cal significance are provided. The I? value is the ratio
of real to observed heterogeneity. 1% values between
0% and 50% were considered to be acceptable het-
erogeneity, while values greater than 50% were con-
sidered to indicate significant heterogeneity2>. Sub-
group analysis and meta-regression were used to de-
termine the sources of heterogeneity when it was sig-
nificant?®. A funnel plot and Egger’s regression test
were used to evaluate publication bias (given the low
power of the test, a = 0.1 was used) 27 Stata Statis-
tical Software Version 15.1. (StataCorp LP., College
Station, TX, USA) was used for all analyses.
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Table 1: Characteristics of included studies

No First Country Study  Blinding Randomi Covid Sample Population Treatment Mean Follow- Control  Qutcomes
author Design type zation status Size type protocol (days Age up group
and dose) Duration
(days)
1 Alessandro Italy Observentional No No  Hospitalization 294 Normal Remidisivir 63.20 30 non -Hospitalization
Russo 28 Cohort data  data Days
-Mortality
2 Andreas Norway Interventional Triple yes Hospitalization 42 Normal  Remidisivir 100 59.70 90 routine -Mortality
Barratt-Due?® mgper day cares
3 Aml Uc30 Turkey Observentional No  Yes  Hospitalization 48  Normal  Favipiravir 5850 14  Hydrox -Mortality
Cohort data + Hydro 1200 mg -ICU admition
per day
4 Areej A Saudi Arabia  Observentional N, No  Hospitalization 154 Normal  Favipiravir 1600 55 28 IFN  -Hospitalization
Malhani’! Cohort mg per day Days
-Mortality
-ICU admition
5 Carlos K H Hong Kong  Observentional No  No Hospitalization 466 Normal Remid+Dexametasone 64.80 11 Dexa -Mortality
Wong 2 Cohort
6 Christoph  D. United States,  Interventional No Yes  Hospitalization 193 Normal  Remidisivir 100  55.66 11  routine -Mortality
Spinner 33 Europe, and Asia mgper day cares  -Adverse effect -
7 Eun-Jeong S. Korea Observentional No No  Hospitalization 48 Normal  Remidisivir 100  69.02 30 routine Hospitalization
Joo34 Cohort mg per day cares  Days
-Time to
recovery
-Mortality

Continued on next page
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Table 1 continued

No First Country Study Blinding Random Covid Sample Population Treatment Mean Follow- Control Outcomes
author Design ization  status Size type protocol (days Age  up group
and dose) Duration
(days)
8 Faryal Oman Interventional No Yes  Hospitalization 44 Normal  Favipiravir 1600 54 14  Routine -Hospitalization
Khamis 3> mg per day cares  Days
-Mortality
-ICU admition
9 George A USA Observentional No  Hospitalization 286 Normal  Remidisivir 100  61.40 30 Routine -Mortality
Diaz 3 Cohort mg per day cares
10 Halit Turkey Observentional No No  Hospitalization 131 Normal Favipiravir 5597 14 lopinavir -Hospitalization
GINARKA3? Cohort data Days
-Mortality
-ICU admition
11 Hany M Egypt Interventional No Yes  Hospitalization 44 Normal  Favipiravir 1200 34.86 10 chloroquin -Heospitalization
Dabbous®8 mg per day Days
-Mortality
12 Havva Turkey Observentional No No ICU 65 Normal Favipiravir 69.80 70  lopinavir-Mortality
Kocayigit> Cohort data -ICU stay

Continued on next page
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Table 1 continued

No First Country Study Blinding Random Covid Sample Population Treatment Mean Follow Control Outcomes
author Design type ization  status Size type protocol (days Age  -up group
and dose) Duration
(days)
13 J.H. Beigel 4 United States (45 Interventional Double Yes  Hospitalization 541 Normal  Remidisivir 100 58 60 10  placebo -Time to recovery
sites), Denmark mg per day -Mortality
(8), the United -Adverse effect
Kingdom (5),
Greece (4),
Germany (3),
Korea (2), Mexico
(2), Spain (2),
Japan (1), and
Singapore (1).
14 Lakshmi India Interventional No Yes  Hospitalization 34 Normal  Remidisivir 100 58.08 12  routine -Mortality
Mahajan 4! mg per day cares
15 Markos USA Observentional No No Hospitalization 99 Normal  Remidisivir 100  58.66 28 routine -Mortality
Kalligeros 42 Cohort mg per day cares
16 Masaharu Japan Interventional Single Yes No data 107  Normal  Favipiravir 1600 43.80 28  placebo -Mortality
Shinkai43 mg per day -Adverse effect
17 Masoud Iran Interventional Single Yes  Hospitalization 190 ~Normal  Favipiravir 1800  58.60 10  lopinavir -Mortality
Solaymani- mg per day -ICU admition
Dodaran 44
18 Michael E USA Observentional No No Hospitalization 1172  Normal Remidisivir 66.60 30  Routine -Mortality
Ohl*3 Cohort data  data cares  -ICU admition
19 Nouf K USA Observentional No No  Hospitalizatic 33 Normal  Remid+Tocilizum 7 tocli  -Mortality
Almaghlouth?6 Cohort 100 mg per day

Continued on next page
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Table 1 continued

No First Country Study Blinding Random Covid Sample Population ~ Treatment Mean Follow Control  Qutcomes
author Design type  ization  status Size type protocol (days Age -up  group
and dose) Duration
(Days)
20 Regine USA Observentional No No  Hospitalization 11 Normal  Remidisivir 100 7 Convalescent Mortality
Padilla?’ Cohort mgper day plasma
21 Robert Poland Observentional No No  Hospitalization 122 Normal  Remidisivir 100 58.70 28  lopinavir -Hospitalization
Flisiak 48 Cohort mg per day Days
-Mortality
-Adverse effect
22 Susan A USA Observentional No No  Hospitalization 298 ~ Normal  Remidisivir 100 14  routine -Time to recovery
Olender?®® Cohort mg per day cares
-Mortality
23 Toshiki Japan, USA Observentional No No  Hospitalizatic 1336 ~ Normal  Remidisivir 100 65.70 14  steroids -Mortality
Kuno>° Cohort mg per day -ICU admition
24 Vishal Gupta®>! India Observentional No No  Hospitalization 414 Normal Remidisivir 57 14 tocli ~ -Hospitalization
Cohort data Days
-Mortality
25 WHO Solidarity WHO Interventional Double Yes  Hospitalization 2743  Normal Remidisivir 100 30 placebo -Mortality

Trial
Consortium;
Hongchao
Pan>?

mg per day

Continued on next page
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Table 1 continued
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No  First Country Study  Blinding Randomi  Covid ~ Sample population ~ Treatment Mean Follow Control ~ Outcomes
author Design type  zation status Size type protocol (days Age -up  group
and dose) Duration
(days)
26 Yeming Ttaly Interventional Double Yes  Hospitalization 158 Normal  Remidisivir 200 64 28  pelacebo -Hospitalization
Wang >3 mg per day Days
-Time to
recovery
-Mortality
27 Zainab Saudi Arabia  Observentional No no  Hospitalizatic 110 ~ Normal  Favipiravir 1400 56.80 14  routine -Time to
Almoosa>* Cohort data  data mg per day cares  recovery
-Mortality
-ICU admition
28 Zeno Italy Observentional No no ICU 25 Normal Remidisivir 100 64 10 ventilation -Mortality
Pasquini®® Cohort data  data mg per day

Abbreviation: ICU: Intensive care unit
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RESULTS

Systematic Search and Characteristics of
the Included Studies

The initial search uncovered 8,329 relevant records of
which 3,561 duplicates were removed. After screening
the titles and abstracts, 633 studies were considered
eligible for further screening. Next, the full texts of
the studies were assessed and 28 studies with a total
of 10,871 adult participants were found to be eligible
for inclusion in the meta-analysis (Figure 1).

Pooled Analysis of Covid-19 Outcomes Af-
ter Receiving Remdesivir or Favipiravir

As the included studies reported their outcomes dif-
ferently, event counts rather than percentages and
proportions were used. For mortality rates, some
studies used counts while others used ORs. Therefore,
an analysis was conducted for both indicators after
converting the counts into ORs and 95% Cls. Hospi-
talization duration was also measured using the mean
indicator and is presented as mean differences.

Mortality Rate

According to the results of a pooled analysis of 17
studies, there was no statistically significant difference
in the mortality rate between the remdesivir and con-
trol groups (p: 0.493). Similarly, based on the results
of a pooled analysis of 8 studies, there was no sig-
nificant difference in the mortality rate between the
favipiravir and control groups (p: 0.774). Hetero-
geneity was high (> 50%) for all of the studies; al-
though, no publication bias was observed (Egger’s test
p-value > 0.20) (Table 2, Figures 2 and 3).

Admission to the ICU

Results from a pooled analysis of 3 studies
using remdesivir and 4 studies using favipi-

30,31,37,44,45,47,50,54 found no

ravir statistically
significant differences in ICU admission outcomes
between the intervention and control groups (p-value
for remdesivir: 0.785, p-value for favipiravir: 0.483).
The heterogeneity was high (> 50%) and significant,
but no publication bias was found (Table 2, Figures 4

and 5).

Adverse Effects

A pooled analysis of 4 studies3>4%8 indicated that
patients receiving remdesivir had no significantly
higher adverse effects compared to control groups (p:
0.732). While the heterogeneity was both high (>
50%) and significant, no publication bias was found.
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This analysis was not possible for favipiravir due to
the low number of available, published studies (< 3)
(Table 2,Figures 5 and 6).

Hospitalization Duration

The pooled analysis for hospitalization duration con-
sisted of 3 studies >3>8, which showed that the use
of remdesivir significantly increased hospitalization
duration in the intervention groups by 0.1 days (p:
0.000). In contrast, the results of an analysis of 3 stud-
ies3137:38 that used favipiravir showed significantly
reduced hospitalization duration (by 0.06 days com-
pared to the control groups (p: 0.019)). However,
high heterogeneity (> 50%) and publication bias were
observed (Table 2, Figures 8 and 9).

The mortality rate in different subgroups was not sig-
nificantly different between the intervention and con-
trol groups (Table 3). The subgroups analyzed in this
meta-analysis included study design, treatment dura-
tion (median: 7 days), and age (median: 59 years).
Analyzing other outcomes was not possible due to the
lack of studies reporting on each possible subgroup
variable.

Table 4 presents the possible sources of the high het-
erogeneity observed in the analysis. The only variable
that significantly effected heterogeneity was treatment
duration, which was significant for both remdesivir
and favipiravir. Further analysis was not possible for
the other outcomes due to the lack of published stud-
ies reporting on the different subgroup variables.

DISCUSSION

This study aimed to evaluate the effectiveness of two
well-known drugs, remdesivir and favipiravir, for
treating Covid-19 infection. Remdesivir was intro-
duced as an effective drug for the treatment of Covid-
19 after obtaining its first emergency use authoriza-
tion in May 2020 in the United States and then later
in Japan. However, its use has had many critics°.
Unfortunately, despite both the passage of time and
an increase in the number of observational studies
and RCTs, questions regarding the efficacy of these
drugs remain unanswered primarily because the re-
sults have been controversial and heterogeneous be-
tween the various investigations. One way to address
this issue is to conduct systematic reviews and meta-
analysis studies.

As a ribonucleotide analog and selective inhibitor of
the viral RNA polymerase enzyme, favipiravir per-
forms a wide range of antiviral activities against
RNA-carrying viruses, which includes blocking vi-
ral genome replication and transcription. In Japan
and China, favipiravir is licensed for the treatment
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Z Studies included in meta-
2o analysis
2 (n=28)

Figure 1: PRISMA flow diagram of search and included studies.

Table 2: Effect of Remdesivir and Favipiravir between intervention and control groups

Outcome N studies OR (95% CI) Heterogeneity Egger’s test
%1% (p-value) p-value

Mortality!

Remdesivir 17 0.893 (0.676-1.180) 78.47 (0.003) 0.654

Favipiravir 8 0.984 (0.540-1.793) 54.65 (0.038)

ICU admission

Remdesivir 3 0.74 (0.26-1.86) 97.09 (0.001) 0.772
Favipiravir 4 0.49 (0.11-2.09) 91.44 (0.001)

Any adverse effects

Remdesivir 4 0.86 (0.46-1.58) 90.06 (0.002) 0.583

Hospitalization Duration, days

Remdesivir 3 0.000 96.15 (0.000) 0.017

Favipiravir 3 0.019 77.54 (0.030)

I: Using reported counts and ORs to calculate pooled-OR and 95%CI
*: Statistically significant (p < 0.05)
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exp(OR) Weight
Study with 95% CI (%)
Remidisivir
Alessandro Russo —i— 0.64[ 022, 191] 3.25
Andreas Barratt-Due —a— 1.00[ 0.21, 4.80] 1.95
Christoph D. Spinner 0.26[ 0.01, 5.87] 0.59
Eun-Jeong Joo —— 0.60[ 0.11, 3.15] 1.79
George A Diaz f 3 0.46[ 0.31, 0.69] 6.94
J.H. Beigel » 0.73[ 052, 1.03] 7.29
LakshmiMahajan — 1.90[ 0.30, 11.94] 1.51
Markos Kalligeros —— 042[ 0.16, 1.09] 3.78
Michael E Ohl | 1.17[ 0.90, 1.53] 7.71
Regine Padilla 0.95[ 0.17, 544] 165
Robert Flisiak —— 049[ 0.18, 1.34] 3.57
Susan A Olender » 0.67[ 047, 0.95] 7.23
Toshiki Kuno [ ] 0.98[ 0.79, 1.21] 7.96
Vishal Gupta —— 2.11[ 0.75, 5.90] 3.47
WHO Solidarity Trial Consortium; Hongchao Pan [ ] 0.95[ 0.81, 1.11] 8.17
Yeming Wang —— 1.10[ 0.45, 267] 4.09
Zeno Pasquini — 3.51[ 1.77, 6.96] 5.17
Heterogeneity: T° = 0.18, I” = 78.47%, H’ = 4.64 ¢ 0.89[ 0.68, 1.18]
Testof 8 =6;: Q(16) = 43.56, p = 0.00
Favipiravir
Areej A Malhani —a— 1.37[ 045, 4.11] 3.20
Faryal Khamis —— 0.83[ 0.19, 3.67] 2.13
Halit CINARKA —— 0.17[ 0.05, 0.54] 2.97
Hany M Dabbous 0.53[ 0.01, 19.52] 0.46
Hawa Kocayigit —;— 161] 0.67, 3.86] 4.16
Masaharu Shinkai 0.46[ 0.01, 39.14] 0.30
Masoud Solaymani-Dodaran - 1.22[ 0.63, 2.37] 529
Zainab Aimoosa - 1.64[ 0.86, 3.15] 5.36
Heterogeneity: T° = 0.35, I” = 54.65%, H’ = 2.21 <@ 0.98[ 0.54, 1.79]
Testof8=6:Q(7)=12.71, p = 0.08
Overall ¢ 0.92[ 0.72, 1.18]

Heterogeneity: T° = 0.19, I° = 74.59%, H’ = 3.94
Test of 8 = 6;: Q(24) = 57.63, p = 0.00

Test of group differences: Q(1) = 0.08, p =0.77

Random-effects REML model

T T
1128 1/8

32

Figure 2: Effect size of interventions on mortality (OR), forest plot.
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Figure 3: Funnel plot for mortality studies.
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Table 3: Subgroup analysis of effect of Remdesivir and Favipiravir between intervention and control groups

Outcome Remdesivir Favipiravir N studies
effect p-value/%I> effect p-value/%I>

Interventional 0.418 / 18.90 0.632/0.00 11

Observational 0.325/28.24 0.125/79.20 14

<7 0.652 / 0.00 0.238 /28.15 10

>7 0.896 / 0.00 0.623 / 0.00 10

<59 0.119/ 62.82 0.156 / 42.12 13

>59 0.965 / 64.23 0.178 / 44.27 10

Table 4: Meta regression of possible sources of heterogeneity

Outcome Remdesivir Favipiravir
p-value (%I2) p-value (%I2)

Heterogeneity: 1° = 2.07, I’ = 97.90%, H’ = 47.60
Test of 8, = 8;: Q(7) = 71.95, p = 0.00
Testof 8=0:z=-0.60,p=0.55

Study design 0.835 (63.5) 0.089 (19.2)
Hospitalization section 0.864 (64.24) -
Treatment Duration 0.049 (0.00) 0.010 (0.00)
Mean Age 0.510 (62.82) 0.473 (41.17)
Country (continent) 0.711 (63.11) 0.654 (33.12)
Treatment Control Log Odds-Ratio Weight
Study Yes No Yes No with 95% CI (%)
Halit GINARKA 107 24 55 4 —— -1.13[ -2.23, -0.02] 12.65
Jered Arquiette 1 10 30 23 —— -2.57[ -4.69, -0.44] 9.31
Toshiki Kuno 363 973 577 1,459 [ | -0.08[ -0.21, 0.10] 14.56
Areej A Malhani 25 129 48 20 E & -2.52[ -3.19, -1.84] 13.81
Michael E Ohl 243 929 224 948 [ ] 0.10[ -0.10, 0.30] 14.52
Masoud Soclaymani-Dodaran 31 159 25 158 —.- 0.21[ -0.36, 0.78] 14.02
Zainab Almoosa 6 104 3 M3 —— 0.78[ -0.64, 2.19] 11.68
Anil Uc 13 35 1 47 —@—— 286 0.78, 4.94] 945
Overall - -0.33[ -1.41, 0.75]

Random-effects REML model

Figure 4: Effect size of interventions on intensive care unit admission (log OR), forest plot.
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Figure 5: Funnel plot for intensive care unit admission studies.

Treatment  Control Log Odds-Ratio Weight
Study Yes No Yes No with 95% CI (%)
Christoph D. Spinner 113 80 93 107 —ll— 049[ 0.09, 088 25.06
Christoph D. Spinner 98 93 93 107 —— 0.19[ -0.20, 0.59] 25.09
Robert Flisiak 24 98 83 128 —B— -0.97[ -1.50, -0.45] 23.24
J.H. Beigel 131 410 163 358 E B -0.35[ -0.62, -0.08] 26.61
Overall —el— -0.15[ -0.76, 0.46]

Heterogeneity: T = 0.34, I’ = 90.06%, H’
Test of 8, = B Q(3) = 24.24, p = 0.00
Testof 6=0:z=-0.48, p=0.63

Random-effects REML model

=10.06

Figure 6: Effect size of interventions on adverse effects (log OR), forest plot.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Remidisivir
Eun-Jeong Joo 48 2179 924 38 2376 13.26 I T -0A17[ 060, 0.25] 14.95
Robert Flisiak 122 1560 660 211 1810 10.40 - -0.27[ -0.49, -0.05] 17.64
Michael E Ohl 1172 733 590 1172 366 440 W o70[ 062 079 1877
Heterogeneity: 1° = 0.29, I = 96.15%, H’ = 26.00 — 0.10[ -0.53, 0.73]
Test of 6= 8;: Q(2) = 76.41, p = 0.00
Favipiravir
Halit CINARKA 131 1167 597 59 1025 489 — 025[ -0.06, 0.56] 16.61
Areej AMalhani 154 900 1880 68 900 21.90 —— 0.00[ -0.28, 0.28] 16.91
Hany M Dabbous 44 1329 58 48 1589 475 —— -049] -0.90, -0.07] 15.11
Heterogeneity: 1° = 0.10, I’ = 77.54%, H’ = 4.45 e -0.06[ -0.46, 0.34]
Test of 8 = 8;: Q(2) = 7.88, p = 0.02
Overall 0.03[ -0.33, 0.38]

Heterogeneity: 1° = 0.17, I” = 92.30%, H’ = 12.99
Test of 8= 8; Q(5) = 114.84, p = 0.00

Test of group differences: Qs(1) =0.18, p=0.67

Random-effects REML model

Figure 8: Effect size of interventions on hospitalization duration, forest plot.
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Figure 9: Funnel plot for hospitalization duration studies.

of novel influenza viruses. It is also effective against
Ebola and other RNA-based viruses that cause hem-

35 However, according to the find-

orrhagic fevers
ings of the current meta-analysis, favipiravir had no
significant effect on reducing the mortality rate or
ICU admissions in Covid-19 patients. Other meta-
analyses have also found that the drug does not de-
crease many of the indicators associated with Covid-
19, including death, hospitalization duration, transfer
to the ICU, etc.>7>8. However, in this study, favipi-
ravir was found to reduce hospitalization duration by
0.06 days. Although this reduction was statistically
significant, it is clinically equivalent to approximately
86 minutes, which would not be considered impor-
tant from a patient perspective. We also found that

favipiravir administration did not induce more side
effects compared with controls. This result is consis-
tent with those from another meta-analysis>. How-
ever, few interventional and secondary studies using
favipiravir have been conducted, and finding high-
quality interventional studies with large sample sizes
is challenging. Furthermore, the high heterogeneity
in the results suggests substantial variation in the tar-
get parameters of these studies.

Remdesivir is an adenosine nucleotide analogue pro-
drug that inhibits viral replication by inducing chain
termination in the RNA-dependent RNA polymerase
enzyme of SARS-CoV-2 60 However, there are de-
bates concerning the effectiveness of remdesivir, and
studies, including meta-analyses, have not yet reached
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a consensus regarding its efficacy. According to some
of the articles used in the current study, the use of
remdesivir did not effect the mortality or ICU ad-
mission rates in Covid-19 patients. In contrast, oth-
ers have found that the use of the drug reduced the
mortality rate by 34% (OR: 0.66). These inconsis-
tent results have been found in other meta-analyses
as well 61763,

sivir increased treatment duration by 0.1 days (144

We also found that taking remde-

minutes). While this finding is not consistent with
other, similar studies that have found remdesivir nei-
ther changes hospitalization duration®! nor reduces
it6263 it should be noted that there was both high het-
erogeneity and publication bias, both of which could
have affected our findings. The effect of the treat-
ment duration variable in heterogeneity should be
also taken into account. Specifically, if only this vari-
able is considered, it is possible to assume that treat-
ment duration changes remdesivir’s efficacy.

One limitation of this study (and similar meta-
analyses) is the severe lack of high-quality, interven-
tional studies with appropriate sample sizes, sufficient
follow-up periods, and similar treatment protocols
needed to reduce heterogeneity. One of the strengths
of this study was the simultaneous review of observa-
tional and interventional studies as well as sub-group
analyses of different outcome variables.

CONCLUSION

Based on the results of this meta-analysis, both
remdesivir and favipiravir have very slight or no effect
on mortality rates, ICU admissions, or hospitalization
duration in Covid-19 patients. However, more vigor-
ous interventional studies are needed before coming
to firm conclusions about the effects of these drugs on
covid-19 patient outcomes.
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